This work reports the development of a novel extraction method for total Hg determination in oil samples. After extracting Hg from samples it was quantified in the extracts by cold vapor atomic absorption spectrometry (CV-AAS), employing a laboratory-made gas-liquid separator (GLS) and NaBH 4 as reducing agent. The extraction of Hg from samples was carried out by extraction induced by emulsion breaking (EIEB), which is based on the formation and breaking of water-in-oil emulsion between the oil samples and an extractant solution containing an emulsifying agent (surfactant) and nitric acid. Operational parameters of the GLS were evaluated in order to set the best performance of the measurement system. In these studies it was proven that the volume of sample and the concentration of HCl added to the sample extracts had significant influence on Hg response. The best conditions were achieved by adding 0.5 mL of a 0.3 mol L À 1 HCl solution on 1 mL of sample extract. The extraction conditions were also optimized. The highest efficiency was observed when 4 mL of a solution containing 2.5% triton X-100 and 15% v/v HNO 3 were employed for the extraction of Hg contained in 20 mL of sample. Emulsion breaking was performed by heating at 80 1C and took approximately 20 min. The limit of quantification of the method was 1.9 mg L À 1 and recovery percentages between 80% and 103% were observed when spiked samples (2 and 10 mg L À 1 ) of diesel oil, biodiesel and mineral oil were analyzed.
Introduction
Nowadays, the determination of trace elements in organic liquids is one of the most challenging tasks in the field of analytical chemistry. The high complexity of samples, that present high carbon content, makes these procedures very laborious and subjected to contamination and losses of analytes during sample preparation. Atomic spectrometric techniques are very popular for the elemental analysis of organic liquids (such as oils), especially because of their high selectivity and suitable sensitivity and precision [1] [2] [3] . Besides, atomic spectrometric techniques are well-established and present in the majority of analytical laboratories. Despite these advantages, most times, the use of atomic spectrometric techniques requires a careful preparation of samples in order to avoid or minimize possible interferences.
Different strategies have been employed for sample preparation in the elemental analysis of organic liquids by spectrometric techniques. Total decomposition of samples [4] [5] [6] [7] [8] and their introduction in the equipment in the form of emulsions or microemulsions [9] [10] [11] [12] are very popular, despite some problems verified in their application. Extraction methods are also available for the determination of trace elements in organic liquids [13] [14] [15] [16] . They present some advantages over the other methods, since they make possible the separation of the organic matrix. Besides, in most cases, the calibration can be performed with aqueous standard solutions, thus avoiding the use of unstable and high-cost oil-based standards.
Mercury is one of the metallic elements that arouses the greatest interest in the scientific community, probably due to its toxicity and particular chemistry [17, 18] . It is prone to accumulation in biota and represents a serious problem when released to the environment, being recognized as a large scale global pollutant [19, 20] . Undoubtedly, the natural occurrence of Hg in crude oil and its presence in fuels [21, 22] contribute significantly to the input of this pollutant to the environment. Some spectrometric techniques, such as cold vapor atomic absorption spectrometry (CV-AAS) [23] , electrothermal atomic absorption spectrometry (ETAAS) [24] , atomic fluorescence spectrometry (AFS) [25] , inductively coupled plasma mass spectrometry (ICP-MS) [26] and electrothermal vaporization coupled to ICP-MS (ETV-ICP-MS) [27] were already employed for total Hg determination in oil samples.
A few extraction methods were already proposed for total Hg determination in organic liquids. Liang et al. [28] development of a method for extraction of total Hg from gasoline and other petroleum-derived products followed by the determination of Hg in the aqueous extracts by cold vapor AFS. The extraction was performed with a mixture of BrCl/HCl. The same mixture was employed by Uddin et al. [29] in the determination of total Hg in crude oils by cold vapor AFS. Nevertheless, in this case, the samples were firstly diluted in toluene in order to decrease their viscosity and allow a convenient shaking with the aqueous extractant solution. Bromine water was employed by Heyward et al. [30] for the oxidation and extraction of Hg from liquid hydrocarbons. In this work, Hg determination in the extracts was carried out by CV-AAS.
The goal of this work was to develop and propose a novel simple approach for the determination of total Hg in different types of oils without using either bromine or any organic solvent. The method employed the extraction induced by emulsion breaking (EIEB) [31] [32] [33] [34] , which is based on the formation and breaking of detergent emulsions prepared with the samples and an extractant solution (containing triton X-100 and nitric acid only), to enhance the extraction process. The developed method was applied in the determination of trace concentrations of Hg in diesel, biodiesel and mineral oil samples.
Experimental

Apparatus
Absorbance measurements were performed with a Varian AA240FS atomic absorption spectrometer (Mulgrave, Australia) equipped with a hollow cathode lamp of Hg operated at 5 mA. The measurements were made at 253.4 nm wavelength using a 1 nm slit width.
A laboratory-made gas-liquid separator (GLS) was employed for Hg cold vapor generation. The GLS was constructed with a capped 50 mL polyethylene tube and PEEK connections. A scheme of the GLS used in this work is depicted in Fig. 1 . Ultrapure Argon (99.99%, Linde Gases, Macaé, Brazil) was employed to transport Hg vapor from GLS to the measurement cell.
Emulsion breaking was carried out by heating the flasks in a water bath maintained at 80 72 1C). A water bath supplied by Nova Técnica (São Paulo, Brazil), model NT-247, was employed for this purpose.
Reagents and solutions
The water used in this work was deionized in a Direct-Q 3 system from Millipore (Milford, MA, USA). It always had resistivity equal to or higher than 18.2 MΩ cm. All reagents were of analytical grade and used without further purification.
A 1000 mg mL A 0.5% m/v NaBH 4 solution was prepared by dissolving 0.5 g of the reagent (Vetec, Rio de Janeiro, Brazil) in approximately 80 mL of a 0.05% m/v NaOH solution. Afterwards, the obtained solution was transferred to a 100 mL volumetric flask and the volume was made up to the mark with the same 0.05% m/v NaOH solution. The NaBH 4 solution was prepared daily just before its use.
The 75 mg mL À 1 simethicone solution employed as antifoam was purchased from the drugstores of the city of Niterói in the form of commercial pharmaceutical formulation.
General extraction and measurement procedure
Mercury extraction from oil samples was achieved by employing extraction induced by the emulsion breaking technique, which is based on the formation and breaking of water-in-oil emulsions. Emulsions were prepared by vigorous mixing of 20 mL of each oil with 4 mL of a solution containing 2.5% m/v triton X-100 and 15% v/v HNO 3 in a 50 mL capped polyethylene flask. Then the flask containing the emulsion was put on a horizontal mixer, where it was agitated for 30 min at 100 rpm. After the extraction time needed to promote quantitative transference of Hg from the oil to the aqueous dispersed phase the flask containing the emulsion was immersed into the water bath at a temperature of 8072 1C, where it was maintained until the emulsion breaking was observed, which took approximately 20 min. Emulsion breaking resulted in the formation of two well-defined phases: (i) the upper oil phase and (ii) the lower aqueous acid phase, containing Hg extracted from oil. The oil was removed with the aid of a pipette, and the lower phase (extract) was collected for Hg quantification.
The determination of Hg in the extracts was performed by CV-AAS, using the GLS constructed for this purpose. The main advantages of this GLS were the possibility to use discrete portions of the extracts for analysis and the use of different flasks for the determination of Hg in each aliquot of the extract, which avoided cross contamination. The measurement of Hg in the extracts was performed by transferring 1.0 mL of the extract, 0.5 mL of a 0.3 mol L À 1
HCl solution and 2 drops of a 75 mg mL À 1 simethicone solution to the GLS flask, which was adapted to the GLS cap. Then, 0.1 mL of a 0.5% m/v NaBH 4 solution was added through the hole in the cap using a syringe. The Hg vapor formed was transported to the spectrometer by the Ar that flowed through the GLS, yielding a transient signal. Peak height was employed as a quantitative variable.
Results and discussion
Optimization of the operational conditions for Hg measurement by CV-AAS
The first step of this work was to evaluate the viability of the use of the laboratory-made GLS ( Fig. 1 ) assembled for Hg vapor generation, aiming its measurement by atomic absorption spectrometry. The main characteristic of the GLS employed in this work was that it made possible introducing discrete portions of the extracts into the system. The generation of Hg cold vapor was performed through the addition of a given volume of NaBH 4 (reducing agent) solution on the mixture of the sample (or standard solution) with HCl solution. Argon was bubbled in the mixture in order to provide Hg vapor release from solution and its transportation to the measurement cell. In order to achieve maximum sensitivity, the influences of chemical variables such as HCl and NaBH 4 concentrations and the sample volume introduced into the GLS were investigated. Some parameters such as the volumes of HCl solution mixed with the sample and NaBH 4 solution added to the GLS were maintained constant at 0.5 and 0.1 mL, respectively. The carrier gas (Ar) flow rate was also maintained constant at 1000 mL min À 1 .
The generation of Hg cold vapor depends on the addition of a suitable amount of reducing agent, since mercury is found in solution in the form of Hg(II) ions and needs to be reduced to gaseous elemental Hg. Sodium borohydride was employed for this purpose. As mentioned previously, the volume of NaBH 4 solution added was always 0.1 mL and the concentration of the reagent was varied in the range of 0.01-0.2% m/v. All NaBH 4 solutions were prepared in the presence of 0.5% m/v NaOH. The highest Hg response was observed when the NaBH 4 concentration was 0.1% or 0.2% m/v. Therefore, a 0.1% m/v NaBH 4 solution was employed in all further experiments.
The vapor generation of Hg also depends on the acidity of the medium since the decomposition of NaBH 4 into hydroboron intermediates, which are responsible for the reduction of Hg(II) ions, is accelerated in acidic medium [35] . Hence, to keep the medium acid sufficient for promoting suitable Hg vapor evolution, HCl solution was added to the sample extract (or standard solution) before addition of NaBH 4 solution. As mentioned previously, the volume of HCl solution added to the flask was always 0.5 mL and the concentration of HCl in this solution was varied from 0 to 6 mol L À 1 . The results obtained in this experiment (Fig. 2) showed that the highest response could be achieved when HCl concentration was in the range of 0.10-0.3 mol L À 1 . When the HCl concentration was higher than this value, a decrease of Hg signals was verified. In view of these results, a 0.3 mol L À 1 HCl solution was selected for the method. The volume of sample added to the GLS controlled the amount of Hg introduced into the measurement system. Theoretically, the increase of the mass of Hg added to the flask would lead to the increase of signals. On the other hand, the magnitude of Hg signals could be limited by the amount of reducing agent added, which could not be enough to promote the evolution of all Hg present in the solution, and also by kinetic effects. Then, an experiment was performed to evaluate the influence of the sample volume employed on Hg measurement. A 50 mg L À 1 Hg(II) solution was used and the other conditions were those optimized in the previous experiments. The sample volume was varied from 0.5 to 5 mL. As can be seen in Fig. 3 , the Hg response increased linearly with the increase of sample volume. This behavior was already expected, since the increase of the sample volume also increased the amount of Hg inserted into the system for atomization. The signals are registered in terms of peak height and peak area (Fig. 3) and no significant differences are observed in their behavior with the variation of volume, indicating that the release of Hg vapor from aqueous medium is fast and does not suffer from kinetic interferences. Evidently, the increase of volume caused some broadening of the peaks, which must be associated to the higher amount of Hg that must be atomized. As the volume of extract recovered in the extraction induced by emulsion breaking was limited to not more than 4 mL, all further experiments were conducted with 1 mL of solution (extract or standard solution) in order to allow that measurements could be made in triplicate.
The final conditions used in the measurement of Hg employing the proposed GLS are summarized in Table 1 . Mercury signals obtained in the construction of a typical calibration curve are shown in Fig. 4. 
Optimization of extraction induced by emulsion breaking conditions
After establishing suitable conditions for Hg measurement by CV-AAS using the GLS device proposed in this work, the extraction induced by emulsion breaking was optimized. As well known, extraction induced by emulsion breaking is based on the formation and breaking of detergent emulsions. The extraction of the analytes occurs during phases separation (emulsion breaking) due to the stronger affinity of metallic cations by the acid aqueous medium than oil one. In the present work, the extraction conditions were optimized using a diesel oil sample spiked with 10 mg L À 1 of Hg in organometallic form (oil-based standard). The parameters evaluated were concentration and type of surfactant (triton X-100 and triton X-114), concentration of HNO 3 in the extractant solution, and extraction time. The first parameters evaluated were the type and concentration of surfactant in the extractant solution. Both triton X-100 and triton X-114 were tested as emulsifier agents in different ranges of concentrations. Triton X-100 was tested in the range of 0.5-7% m/v, whereas triton X-114 was tested in the range of 0.5-15% m/v. These ranges were chosen taking into account the ability of each surfactant to promote adequate emulsification of the system. The HNO 3 concentration in the extractant solution, in this experiment, was always 15% v/v. Results obtained (Fig. 5) showed that surfactant concentration played an important role on the extraction efficiency of Hg from oil. In both cases, at low concentrations of surfactant, Hg response was low, indicating that the analyte was not satisfactorily extracted from oil. This poor extraction occurred possibly due to the inefficient dispersion of the aqueous phase through the oil. The increase of surfactant concentration resulted in the increase of Hg signals probably because of the formation of emulsions with very small droplets, which increased the contact between the extractant solution and the sample. The highest signals were obtained at 2.5% m/v triton X-100 concentration and 12.5% m/v triton X-114 concentration.
Another aspect considered in this study was the time required to break the emulsions. In general, triton X-114 emulsions are broken in a shorter time than triton X-100 emulsions when the surfactants are present in the same concentration. This difference occurs due to higher stability of triton X-100 emulsions when compared with triton X-114 ones. Nevertheless, when considering optimized concentrations, a 2.5% m/v triton X-100 solution was selected for the method because it was broken in approximately 20 min while the 12.5% m/v triton X-114 emulsion took approximately 35 min to be broken. The presence of triton X-100 in the extracts from EIEB resulted in the formation of an excessive amount of foam inside the GLS system during Hg measurement. This drawback was overcome by the addition of two drops (approximately 100 mL) of a 75 mg mL À 1 simethicone solution, which acted as an antifoam agent. The concentration of HNO 3 in the extractant solution also played fundamental role in the extraction process. According to data obtained in previous works [31] [32] [33] [34] , the extraction process is enhanced in the presence of mineral acids because H þ ions compete with metallic cations for the basic sites present in the organic molecules that form the oil sample. Also, nitric acid is able to break covalent bonds between metals and organic structures (oxidation), allowing the release of metals to the medium in the form of free ions. In the present work, the influence of HNO 3 concentration in the extractant solution was investigated in the range of 5-30% v/v. It is important to remember that this solution also contained 2.5% m/v triton X-100, employed as an emulsifier agent. Maximum signals were observed at 15% v/v HNO 3 . In concentrations below this value, the amount of acid was not enough to displace Hg from organic structures. At HNO 3 concentrations higher than 15% v/v, the signals decreased probably due to the influence of some substances co-extracted from sample, since this same behavior was not noted when standard solutions of Hg(II) were tested to evaluate the influence of HNO 3 concentration (Fig. 6 ). Therefore, a 15% v/v HNO 3 concentration was chosen for extracting Hg from samples in the method. Finally, the last parameter evaluated is the extraction time, which is the time lapse between emulsion formation and breaking. Although the formation of emulsions already enhances the extraction process, since it increases the contact between the oil sample and the aqueous extractant solution, sometimes extraction efficiency can be limited by the time required for displacing metals from organic molecules and achieving satisfactory transference of the analyte from the organic to the aqueous phase.
The influence of extraction time was tested in the range of 0 (emulsion breaking just after its formation)-60 min. The extraction process was carried out maintaining the emulsions under continuous agitation with a horizontal shaking. This agitation was performed to avoid phases separation (emulsion breaking) and allowed aqueous droplets of extractant solution to move through the continuous phase, represented by the oil, thus improving extraction efficiency. The concentrations of HNO 3 and triton X-100 in the emulsifier solutions were those optimized in the previous experiments. The maximum Hg response was observed by agitating the emulsions for 30 min, at least, before emulsion breaking. Therefore, this extraction time was used in the preparation of samples for analysis employing the proposed method.
Analytical features of the method
The proposed method yielded linear calibration curves in the range of 10-100 mg L tification of the proposed method were calculated from the calibration graph and took into account the preconcentration factor obtained with the extraction procedure, which was 5 (quantitative extraction of the analyte from 20 mL of sample to 4 mL of extract). The limit of detection (3σ criterion) was 0.6 mg L À 1 , whereas the limit of quantification (10σ criterion) was 1.9 mg L À 1 . They were estimated from 10 repetitive measurements of the blank obtained from extraction. The precision of the method was satisfactory for this kind of procedure, being situated in the range of 3.5-5.6% (2 and 10 mg L À 1 concentration levels) for within-run analysis and 5.0-11.7% for between-run analysis (2 and 10 mg L À 1 concentration levels).
The enhancement factor (EF) was also calculated. It is defined as the ratio of the slope of the standard addition curve obtained when EIEB is applied to a spiked sample to the slope of the calibration curve obtained by direct introduction of the aqueous standards in the system. The derived EF is 5.1, very close to the expected value of 5, which represents the volume ratio of the organic to the aqueous phases. This result confirms that the method is virtually free of non-specific interferences, in relation to Hg measurement in the extracts, and that the analyte is quantitatively extracted from oils.
Evaluation of calibration strategy and application of the propose method
The application of EIEB to oil analysis resulted in the formation of aqueous extracts with specific characteristics. They contained minor amounts of organic matter extracted from the samples and significant concentrations of HNO 3 and surfactant, which were originally present in the extractant solution composition. The presence of these substances could cause some non-specific interferences on Hg measurement by changing the kinetics and/or efficiency of Hg reduction. In order to verify the possible occurrence of noninterferences on Hg measurement, calibration curves prepared in water were compared with standard addition curves prepared in the extracts obtained from diesel oil, biodiesel and mineral oil samples free of Hg (S 1 , S 4 and S 5 ). The curves were prepared in the range of concentrations of 10-100 mg L À 1 . As can be seen in Table 2 there were no significant differences between the slopes of the calibrations curves and standard addition curves, indicating that at optimized conditions the method is actually free of non-specific interferences and it is possible to quantify Hg in the extracts obtained from different oil samples by external calibration approach.
Once the calibration strategy was established, the proposed method was applied in the determination of total Hg in five samples of different types of oils. Samples of biodiesel, diesel oil and mineral oil were analyzed. A recovery test was performed to evaluate the accuracy of the method. In a such test, samples were spiked with 2 and 10 mg L À 1 of Hg, in the form of organometallic compound, and the EIEB procedure was applied in the optimized conditions. The difference between the Hg concentrations found in non-spiked and spiked samples was employed to estimate recovery rates. Recovery rates between 80% and 103% were achieved ( Table 3 ), indicating that the proposed method is really able to extract and quantify total Hg in oil samples of different origins.
Conclusions
The method proposed (and optimized) in this work was shown to be a good alternative to total digestion for the determination of total Hg in oil samples. It presented remarkable advantages over regular methods based on Hg extraction from organic liquid samples such as the preconcentration of the analyte in the aqueous phase and the possibility of using aqueous standards in the methodological calibration procedure, instead of high-cost and unstable oil-based standards. Besides, possible interferences due to the high content of carbon in the samples were not seen, which permitted external calibration to be employed in the quantification of Hg in the extracts. The laboratory-made GLS device proposed in this work was suitable for Hg vapor generation from the extracts. It is easy to construct and can be employed in other applications for Hg determination in different types of samples. Additionally the GLS worked in a way that avoided cross contamination, since different flasks were used in the measurement of Hg in different solutions.
Different types of oils could be analyzed with the developed method, independently of the particular characteristics of the samples tested. This fact shows the versatility of the extraction procedure in relation to Hg extraction and can open new possibilities for the use of EIEB in the analysis of other organic samples.
